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ELECTROLYTE AND VOLUME CHANGES IN FLUIDS
INJECTED INTO THE PERITONEAL CAVITY.*
ABRAHAM J. SCHECHTER
The-experiments here presented were planned to permit a study
of the qualitative and quantitative changes that take place in certain
types of fluids which are often injected into the peritoneal cavity or
subcutaneous tissues for therapeutic purposes. Data were obtained
which show the alterations in the electrolyte pattern and in the
volume which occur during the process of absorption from the
peritoneal cavity. The solutions studied were isotonic sodium
chloride, glucose, and a mixture of sodium chloride and sodium
bicarbonate.
While the subject of peritoneal absorption has had the benefit
of considerable attention over a long period of years, an accurate
ionic study has been prevented, until relatively recently, by the lack
of suitable chemical methods, especially those for estimation of total
base and of bicarbonate. It ought to be possible now to determine
to what extent ions, rather than salts as such, diffuse away from and
into the peritoneal cavity; to study more carefully than has been
possible heretofore the mechanism of equilibrium between the
plasma and the peritoneal fluid.
The serous cavities have attracted the attention of investigators for many years,
from both the anatomical and the physiological points of view. Most of the work
has been done on the peritoneal cavity. This is due to the importance of this
cavity in surgery and in medicine, and also because of the fact that work upon
the serous cavities located above the diaphragm has been handicapped by obvious
anatomical and functional complications. Enough has been done, however, to justify
the generalization that all are essentially similar in functions and in reactions.
According to Von Recklinghausen32, solid particles left the peritoneal cavity
through preformed openings in the lining membrane. MacCallum21, in 1903,
thought that particles passed between the lining cells of the diaphragm because of
the pumping action of this structure. In 1922, however, Cunningham" showed
that a large portion of the particulate matter passed through the living cytoplasm of
the cells, and not between them. Most of such material passes by way of the
diaphragmatic trunks to the lymphatics of the sternum and anterior mediastinum.
The question of the absorption of true solutions and colloidal suspensions has
stimulated the bulk of the work on the physiology of the peritoneal cavity. In
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1895, Heidenhain32 showed that in the absorption of fluid from the peritoneal
cavity, the blood-vessels and not the lymphatics played the major role, an idea sup-
ported by Starling and Tubby29, Cohnstein4, and others. Conclusive demonstration
of the importance of the blood-stream in the absorption of solutions awaited the
experiments of Dandy and Rowntree'0 who, in 1914, studied the absorption of
phenolsulphonephthalein from the peritoneal and pleural cavities. They found
that the dye appeared in the blood and urine before it could be detected in the
lymph of the thoracic duct, and that the quantitative output in the uri'ne greatly
exceeded that in the lymph. In 1916 Shipley and Cunningham23 withdrew the
omentum from the peritoneal cavity and found that solutions in which the omentum
was immersed passed directly into the blood-stream; ligation of the thoracic duct
had no effect on the rapidity or amount of absorption. These investigators24 also
demonstrated that with solutions of potassium ferrocyanide absorption occurred
directly through the cytoplasm of both the mesothelial and capillary endothelial
cells.
The mechanism of absorption of solutions from the peritoneal cavity has been
approached from the viewpoint of physical principles. The first significant work
was done in 1894 by Orlow32, who studied the absorption of hyper-, hypo-, and
isotonic solutions. He concluded that fluids and salts obeyed the laws of osmosis
and diffusion until an osmotic balance was obtained between the fluid in the peri-
toneal cavity and the plasma, after which absorption took place through the agency
of the physiological activity of the lining cells themselves. Starling and Tubby29,
in 1894, arrived at the same conclusion with regard to absorption from the pleural
cavity. Leathes and Starling"8 in 1895, Fleischer and Loeb32 in 1910, Clark3 in
1921, and Putnam22 in 1923 added significant evidence for the concept that absorp-
tion was a process dependent essentially upon osmosis and diffusion.
It was realized early, however, that once a chemical equilibrium was reached
between the peritoneal and plasma fluids, absorption would depend upon the small
osmotic pressure exerted by the non-diffusible plasma protein. However, as the
peritoneal fluid becomes more concentrated with respect to protein, the osmotic
pressure of the plasma proteins is not sufficient to account for the absorption of
peritoneal fluid having about the same protein concentration as that of the plasma.
Further absorption is not due to osmotic forces. The absence of a satisfactory
physical explanation led to the concept of "vital activity". The suggestion, made
by Cohnstein4 in 1895, and again by Bolton2 in 1921, that "balanced" solutions
might be absorbed by way of the lymphatic vessels, was shown to be erroneous by
Cunningham8 in 1927. He found that obstruction of lymphatic drainage of the
diaphragm had no effect on the rate of absorption of isotonic solutions from the
peritoneal cavity.
It is quite evident, then, that the peritoneum acts as a semipermeable membrane
through which substances (except colloids) can pass in either direction. It is also
clear that while, in general, absorption from the peritoneal cavity follows the laws
of diffusion and osmosis, the absorption of solutions containing protein hinges on
the mechanism of the absorption of these proteins. One mechanism was suggested
in 1921 by the work of J. H. Lewis1", who showed, by using a complement-fixation
system sensitive to one part in a million of protein, that protein is transported to
the blood by way of the lymphatics. Another explanation arises from the observa-
tion of Landsberg" in 1921, that protein in a pleuritic exudate is gradually brokenCHlANGES IN FLUIDS WITHIN THE PERITONEUM 169
down by enzymes produced in adjoining cells. The cleavage products would be
able to diffuse into the blood and direct absorption of the non-protein remainder
would thus become possible. Simple mechanical filtration of the proteinous solution
through potential or actual intercellular spaces has beeni suggested by Putnam22.
Cunningham7 thought that some mechanical force like abdominal pressure or respira-
tory movements might force the solution into the lymphatics or blood-vessels.
Finally, the concept that absorption of such solutions is due to an active force in
some way bound up in the metabolic activities of the mesothelial cells, still has many
adherents.
A word should be said in regard to certain therapeutic measures which have had
their basis in the knowledge of peritoneal physiology. The use of Fowler's position,
advocated in 1900 to prevent absorption of toxic substances through the diaphragm,
has been shown by Dandy and Rowntreel° to have no real foundation. These
investigators demonstrated that the rate of absorption from the peritoneum is about
the same in all positions excepting that when an animal is suspended by the front
legs the rate is diminished by about 15 per cent.
Blackfan and Maxcyl successfully utilized the peritoneal route for introducing
sodium chloride in treating infants upon whom it was difficult to do venepuncture.
Siperstein and Sansby26 report the successful experimental and clinical use of
the peritoneal cavity for giving transfusions of citrated whole blood.
German workers'2' 16 in the last few years have suggested the clinical applica-
tion of the dialysing property of the peritoneum, citing instances where perfusion
of the peritoneal cavity with hypertonic saline was successful in reducing chemically
and symptomatically, uremia induced in experimental animals by nephrectomy.
Experimental
Two groups of experiments are here presented. The first group
was designed primarily to study the electrolyte changes occurring
during absorption of fluid from the peritoneal cavity. A dog was
injected intraperitoneally with 500 cc. of the solution to be studied.
Three isotonic solutions were used, namely, physiological saline,
glucose, and the salt-bicarbonate* solution (D-C solution) devised
by Darrow and Cunningham"1. The temperature of each solution
when injected was approximately 380 C. At varying time-intervals
after injection, samples of the fluid in the peritoneal cavity were
*These solutions were prepared as follows:-Sodium chloride: a 0.9% solution
was made with Merck's U.S.P. sodium chloride and distilled water. It was steril-
ized by boiling for 5 minutes, and cooled to 38'C. before injection. Clucose: a 5%
solution was made from Merck's anhydrous powdered glucose and distilled water.
It was sterilized by bringing to the boiling point, and was cooled to 380C. before
injection. Salt-bicarbonate: to 500 cc. of sterilized 0.1lN HCI (containing 0.186
gm. of KCI per 1.) were added 5.9 gm. of NaHCO3 powder, previously sterilized
by dry heat. The mixture was shaken for 5 min. and was then injected. Such a
solution should contain approximately 140 m. Eq. of Na+, 110 of 'Cl, 30 of 'HCO3,
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obtained in quantity sufficient for analyses. The samples, together
with some of the original solution, were analyzed for chloride,
bicarbonate, total base and total nitrogen; when glucose solution was
used the samples were analyzed for this substance. The pH on
each sample was determined.*
The second series of experiments was primarily designed to
study the volume changes accompanying alterations in composition.
Exactly 25 cc. of the solutions above described were injected at body
temperature into the peritoneal cavities of guinea pigs. At varying
intervals thereafter the animals were killed by chloroform and all
the available fluid in the peritoneal cavity was recovered and
measured. Together with a sample of the original solution this
fluid was analyzed for chloride and total base. When glucose
solution was used, analysis was made for this substance also.
A. Electrolyte Changes in the Peritoneal Fluid of the Dog
The analyses of the samples of peritoneal fluid, and the intervals
at which they were obtained are shown in tables 1, 2, and 3. The
degree and rapidity of the changes in chemical content are illustrated
by graphs 1, 2, and 3. The striking findings are these:
1. When saline is injected (table 1, graph 1) the total base
shows no significant fluctuation. The chloride, on the other hand,
diminishes. As chloride decreases, bicarbonate appears and increases
in concentration. However, the concentration of chloride diminishes
more rapidly than the concentration of bicarbonate increases. This
leaves a small but increasing concentration of undetermined anions,
which presumably are chiefly organic acids. These undetermined
acids are represented on the graphs in the gradually widening,
wedge-shaped area formed between the curves for the sum of the
chloride plus bicarbonate and total base. The pH rises, approaching
the plasma value. The total nitrogen, after rising rather abruptly
at first, increases more slowly along what appears to be a straight
line. Since the second set of experiments show that salt solutions
are absorbed at a constant rate, the increase in nitrogen is apparently
'*The following chemical methods were employed: pH: colorimetric method
of Hastings and Sendroy.1' Total base: Stadie and Ross28 modification of Fiske's
method. Glucose: Somogyi's27 modification of the Shaffer-Hartman method.
Total nitrogen: Nesslerization after oxidation by H2SO4 and H202. Chloride.
Van Slyke80. Bicarbonate: Measured on I cc. in the Van Slyke manometric gas
apparatus3".
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TABLE 1
SALINE IN PERITONEAL CAVITY OF DOG: CHEMICAL CHANGES
Amount
removed Totl
0.9%o for Time determ. Total
,Pxp. Saline analysis in HCO8- Cl anions base
No. cc. cc. min. m. Eq. m. Eq. m. Eq. m. Eq. pH m
1 500 - 159.6 159.6 159.8 7.10
30 20 8.9 147.4 156.3 156.3 7.10
30 40 9.8 142.8 152.6 152.6 7.15
2 500 - 166.8 166.8 169.6
30 40 8.5 148.6 157.1 166.0 7.12
30 110 19.5 131.0 150.5 159.4 7.40
7 500 - - 154.2 154.2 156.2
30 21 4.6 151.8 156.4 156.4 7.26
30 81 10.7 142.2 152.9 155.2 7.29
30 217 17.7 128.0 145.7 155.4 7.30
* No fluids could be obtained after 6 hours.
Total N
tg./100cc.
0
7
26
0
18
53
0
30
49
150
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TABLE 2
D-C SOLUTION IN PERITONEAL CAVITY OF DOG: CHEMICAL CHANGES
Amount
removed
D-C for Time
Exp. solution analysis in
No. cc. cc. min.
5 450 -
30 30
20 168
25 360
6 470 -
30 42
20 149
25 328
Total
determ. Total
HCOs- Cl- anions base Total N
m. Eq. m. Eq. m. Eq. m. Eq. pH mg./lOOcc.
37.2 120.0 157.2 157.2 6.90 0
30.9 118.8 149.7 157.0 7.42 29
22.2 119.8 142.0 157.8 7.39 128
22.3 118.4 140.7 158.0 7.24 221
32.5 97.4 129.9 134.6 7.0 0
29.0 119.0 148.0 157.8 7.42 36
20.6 125.4 146.0 159.0 7.38 133
23.9 121.8 145.7 163.0 7.13 295
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TABLE 3
GLUCOSE SOLUTION IN PERITONEAL CAVITY OF DOG: CHEMICAL CHANGES
Amount
removed
for Time
Exp. Glucose analysis in
No. cc. cc. min.
3 500 -
of 25 45
5%o 25 165
20 295
20 455
4 500
of 30 29
5.5% 30 87
25 287
10 472
Total
Glucose determ. Total TotalN
mg./100 HC0- Cl- anions base mg./100
cc. m. Eq. m. Eq. m. Eq. m.Eq. pH cc.
4575 7.28 0
2550 15.4 79.6 95.0 101.4 7.28 22.3
1025 23.3 101.2 124.5 132.4 7.33 31.6
420 26.8 108.9 135.7 147.0 7.42 38.5
200 30.2 110.9 141.1 153.6 7.38 47.5
5970 - 0
3820 9.2 56.6 65.8 69.8 7.13 14
2010 13.5 91.4 104.9 110.0 7.28 28
1240 21.8 110.4 132.2 142.0 7.38 34
160 26.4 112.4 138.8 151.0 7.35 44
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due to absorption of the electrolyte and water, gradually increasing
the concentration of the protein which is absorbed more slowly and
probably by a different mechanism.
2. When D-C solution is used (table 2, graph 2) the concentra-
tion of electrolyte remains almost the same as that of the original
solution. The early samples have a high pH. The rate of increase
of nitrogen may be represented essentially by a straight line. Before
comparing the curve of total nitrogen of the D-C solution with that
obtained with saline, it must be remembered that these experiments
were carried along for a greater period of time than were the
preceding. At the same interval after injection, the total nitrogen
of D-C solution does not differ significantly from that of physiologi-
cal saline. The undetermined acids, represented by the area between
the line for chloride plus bicarbonate and that for total base, appear
with D-C solution just as they do with physiological saline. The
unidentified acids displace bicarbonate and finally assume a value
corresponding to that found in serum.
3. When a solution of glucose was used (table 3) the concen-
tration of glucose fell rapidly and steadily along the curve depicted
in graph 3. Bicarbonate, chloride and base appear quickly and soon
assume the proportions found when the other solutions were used.
The wedge-shaped area formed between the curves for total base
and total determined anions is again seen. Total nitrogen remains
lower than when the other solutions were injected. The pH soon
approaches closely the plasma value.
B. Volume Changes in the Peritoneal Fluid in Guinea Pigs
The accuracy of the recovery of fluid injected into the peri-
toneum of the guinea pig was tested as follows: Eight guinea pigs
were killed and 25 cc. of physiological saline were injected into the
peritoneal cavity of each. The peritoneum was opened and the fluid
was allowed to drain through a funnel into a graduate. Table 4
shows that there was a loss of between 0.7 and 2.1 cc., the average
being 1.2 cc. It was found that passing 25 cc. or less of fluid
through the funnel into a graduate entailed a loss of from 0.1 to
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0.2 cc. Since in the experiments the first portions of the fluid were
removed by suction into a pipette, about 0.1 cc. of fluid was lost in
moistening the pipette. One may conclude, therefore, that about
0.8 cc. of fluid remained covering the viscera.
TABLE 4
IMMEDIATE RECOVERY FROM PERITONEAL CAVITY OF GUINEA PIGS, AFTER
INJECTION OF 25 CC.
Average
Injected ........... 25.0 25.0 25.0 25.0 25.0 25.0 25.0 25.0 25.0
Recovered .......... 24.3 23.6 24.2 23.5 23.7 24.3 22.9 23.7 23.8
Loss ............ 0.7 1.4 0.8 1.5 1.3 0.7 2.1 1.3 1.2
The volumes recovered at varying intervals for each of the three
solutions used, together with the analyses performed, are shown in
tables 5, 6, and 7, and in graphs 4, 5, and 6. Graph 7 shows the
comparative changes for the three solutions. There is no significant
difference between D-C solution and saline in the rapidity of dis-
appearance. The rates of absorption of both solutions seem to
descend along a straight line of similar slope. Glucose solution, on
the other hand, increases in volume, reaching a maximum at 6X2
hours, and disappears after 28 hours. The quantitative values for
glucose and electrolytes, chloride and total base show the same
changes that were noted in Part A.
Post-mortem examination of the peritoneal surfaces in these
animals showed nothing striking. In those animals which were
examined after 6 hours, small red spots, consisting of dilated
capillaries or extravasated blood, were seen in the peritoneum along
the upper anterior abdominal surfaces. A slight dullness of all the
surfaces was generally observed in the animals killed at the later
intervals. The musculature of the animals from which glucose
solution was removed, appeared notably dry in many cases.
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TABLE 5
SALINE IN PERITONEAL CAVITY OF GUINEA PIGS: VOLUME CHANGES
25 cc. Injected
Initial Concentration
Wt. of Total
animals Cl- base
gm. m. Eq. m. Eq.
168.2 170.0
- 168.2 170.0
- 168.2 170.0
620 153.0 153.4
168.2 170.0
168.2 170.0
580 160.6 161.2
565 153.0 153.4
583 153.0 153.4
558 153.0 153.4
585 153.4 154.3
535 160.6 161.2
Concentration of
fluid removed
Volume Total
Time obtained %o Cl- base
in min. cc. change m. Eq. m. Eq.
20 22.3 6.3 146.2 158.0
60 22.1 7.1 136.8 155.1
150 17.7 25.6 118.4 154.4
205 20.0 15.9 119.0 154.0
270 17.1 28.1 120.2 152.2
390 19.8 16.8 113.6 150.4
390 18.7 21.4 114.4 151.8
395 19.9 16.3 118.6 154.8
645 13.6 42.8 116.0 153.6
990 9.7 59.2 108.8 148.6
1170 0.8 96.6 -
1335 0. 100.0
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TABLE 6
D-C SOLUTION IN PERITONEAL CAVITY OF GUINEA PIGS: VOLUME CHANGES
25 cc. Injected Concentrationof
Initial Concentration fluid removed
Wt. of Total Volume Total
animals Cl- base Time obtained % C- base
gm. m. Eq. m. Eq. in min. cc. change m. Eq. m. Eq.
480 112.0 153.4 20 22.4 5.8 113.6 156.8
520 112.6 153.4 20 21.2 10.9 112.8 152.8
540 112.8 153.8 170 20.7 13.0 113.2 154.6
587 111.8 151.6 200 21.4 10.1 119.2 155.0
510 113.0 153.8 203 21.0 11.7 112.6 153.0
584 112.6 153.4 390 16.2 31.9 110.0 151.4
583 111.8 151.6 390 21.4 10.1 120.8 156.0
560 112.8 153.8 410 12.2 48.7 111.6 151.4
565 111.8 151.6 650 11.8 50.4 118.8 154.0
522 112.0 153.4 990 9.8 58.8 112.8 149.6
510 112.0 153.4 1170 5.3 72.7 113.2
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TABLE 7
GLUCOSE SOLUTION IN PERITONEAL CAVITY OF GUINEA PIGS: VOLUME CHANGES
Initial
Wt.of Concentration Volume Total
animal Glucose Time in obtained %o Glucose Cl- base
gm. mg./100 cc. min. cc. change mg./lOOcc. m. Eq. m. Eq.
548 3360 160 39.6 69.3 1137 84.0 116.4
547 3360 390 42.3 77.7 356 94.2 126.0
535 4680 640 40.8 71.4 440 92.4 130.8
490 4680 985 29.6 24.3 165 95.6 140.2
500 4440 1335 11.0 53.7 130 105.0 149.8
552 4560 1340 27.7 16.3 182 104.2 144.0
540 4440 1680 2.2 90.7 130
591 4560 1920 0. 100.0 -CHANGES IN FLUIDS WITHIN THE PERITONEUM
Discussion
It has been known for some time that an isotonic solution in a
serous cavity is not necessarily in true equilibrium with blood plasma.
Isotonic fluids in one of the body cavities undergo various changes in
chemical composition so that a chemical equilibrium is reached, while
the isotonicity of the solution is unimpaired. In stressing this con-
cept, a certain error has crept into the reports. Thus, an isotonic
0.9 per cent saline solution in the peritoneal cavity becomes, it has
been said3, a 0.6 per cent solution, the osmotic deficit being com-
pensated for by the diffusion of other plasma substances to the peri-
toneal fluid. The concentration of saline was evidently determined
by examining the chloride concentration alone, and not that of the
sodium, the analysis of base being a relatively new addition to
microchemical methods.
In a 0.9 per cent solution of sodium chloride, there are 154
milli-equivalents of base and the same of chloride. (The slightly
lower figure for chloride than for base, found in the saline used in
these experiments, is due probably to minor impurities in the distilled
water.) If the sodium chloride were to drop to 0.6 per cent concen-
tration, there would be present only about 103 milli-equivalents of
chloride, and the same of sodium. In the experiments with saline
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it was found that while the chloride does fall irn the direction of that
figure, the total base retains its original level. Comparison with the
values of these ions in blood-plasma shows that unless already at
their concentrations in plasma they tend to change toward those
concentrations. This is seen better in table S and graph 4, where
the experiments were carried on over a sufficiently long period to
allow for final equilibration.
The fall of chloride, without a fall in base, seems to result in a
deficit of anions in the peritoneal fluid. Gamble has emphasized the
important role of bicarbonate in blood-plasma in contributing to the
total anion content, showing also that the concentration of bicarbo-
nate moves in a direction opposite to that of chloride concentration.
The possibility that bicarbonate replaces some of the chloride in this
extravascular fluid is made a certainty by the results here obtained.
Bicarbonate does enter the peritoneal fluid, and tends to reach the
bicarbonate value of the plasma. This raises the anion total almost
to the level of total base, but not quite. The small deficit remain-
ing tends to be gradually increased with time. This deficit is
presumably accounted for by the presence of a mixture of organic
acids which, in plasma, contribute about 12 milli-equivalents to the
total anion content. It is to be observed that the pH approaches
plasma value too.
From tables 1 and 5 it will be seen that the chloride does not
quite go down to its value in plasma, but remains at least 10 milli-
equivalents higher. This, together with the results already dis-
cussed, suggest a comparison with the work of Loeb, Atchley, and
Palmer20 who studied blood-serum and edema fluid from the same
individuals. They found that whether the fluid be "exudate", as
in tuberculous peritonitis, or "transudate", as in cardiac failure, cer-
tain definite qualitative chemical relations obtain. The chief
features of these relations are that edema fluid contains more
chloride than does serum, while the sodium bicarbonate, calcium,
urea, glucose, and non-protein nitrogen exist in approximately the
same concentrations in serum and in the edema fluid. The variation
in respect to chloride appears to be related to the difference in con-
centration of protein in the two solutions. Chloride was found to be
from 3 to 8 milli-equivalents higher in edema fluid than in serum.
Protein was found to be from 2 to 6 per cent higher in serum than
in edema fluid. When serum is dialyzed against edema fluid across
a simple collodion membrane, no significant changes occur, thereby
showing that the concentrations established in the edema fluid while
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in the body, follow physical laws, rather than being the results of
vital activity. Hastings, Salvesen, Sendroy Jr., and Van Slyke"5
have recently repeated and confirmed these observations.
It seems, therefore, from a comparison between the concentra-
tions of edema fluid and intraperitoneal saline, that thelattertendsto
assume the concentrations found in the former. When a fluid
having approximately the electrolyte content of edema fluid is put
into the peritoneal cavity, it would follow that there would result
no significant change in the chemical concentrations. D-C solution
has such a composition in so far as the major electrolytes are con-
cerned. Tables 2 and 5 show that after a few minor adjustments,
the composition remains essentially unchanged. The low initial pH
is due to excess CO2 in the solution as used, explained by insufficient
shaking which would drive off the carbon dioxide formed in the
reaction between hydrochloric acid and sodium bicarbonate. The
high pH that follows depends on the lowering of this dissolved CO2,
while the HCO3 still remains high. The pH roughly follows what
one would anticipate from the formula pH = 6.10 + log H2CO3
These variations are, at best, not far from the normal plasma value.
Adjustments are quickly made.
When a solution having none of the plasma electrolytes is used,
essentially the same "balance" occurs. Tables 3 and 7 show how
the glucose concentration quickly drops, at the same time that
chloride, bicarbonate, organic acids, and base appear. Graph 3
depicts this more clearly. Soon the composition of edema fluid is
reached. When the logarithms of these electrolyte and glucose
concentration values are plotted, they fall along straight lines.
From the foregoing, it appears that fluids injected into the
peritoneal cavity tend to assume the composition of edema fluid.
The analyses made for chloride and total base in the guinea pig
experiments, show the same type of electrolyte balancing. The
striking thing, however, is that while these adjustments are made
in the same manner in all three solutions, the volume of the glucose
solution pursues an entirely different curve of change from that
followed by each of the others. Saline and D-C solutions begin
immediately to diminish in volume, along what appear to be straight
lines. Graph 7 shows that the comparative rates of absorption for
the two solutions are about the same. Glucose solutions, however,
follow much the same type of curve obtained by R. S. Cunningham',
who used 10 per cent glucose in rats. The explanation for this
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occurrence is supplied by Clark3, who points out that the electrolytes
with fluid enter the peritoneal cavity faster than the large, slowly
moving glucose molecules can carry fluid out. Graph 6 shows that
the volume begins to decrease only after the rate of electrolyte influx
has slowed considerably. In other words, the slower migration of
electrolytes into the glucose solution is accompanied by the move-
ment of water into the peritoneal cavity so slowly that the outward
movement through the influence of the transfer of glucose to the
blood becomes perceptible. The rate of absorption is apparently
dependent upon the comparative rates of diffusion of the substances
involved and their comparative concentrations in the peritoneal fluid
and blood-plasma.
The significance of the total nitrogen deserves some comment.
Putnam22 points out that the source of the small amount of protein
found in samples from injected peritoneal fluid is not clear. Against
the immediate origin of the protein from the blood-stream is its
small amount, its relative constancy and the failure of non-pro-
teinous colloids to pass from the plasma into the peritoneal fluid.
"Little or no fibrinogen is found", according to Putnam. As for the
last point, the phenomenon of clotting always seen in our samples
suggests that a good part of the protein is fibrinogen. The dullness
of the peritoneal surfaces observed in some of the animals carried
over a long time is probably due to a film of fibrin. The remainder
of the total nitrogen consists, of course, of other proteins and non-
protein nitrogen. Since an anticoagulant was not mixed with the
samples of fluid, the total nitrogen figures do not include fibrinogen.
Itwouldseemfromthecurvesthatafterarapidappearanceofnitrog-
enous substances in the peritoneal fluid, when D-C or salt solutions
are used, there is a steady slower rise along straight lines. This is
not to be interpreted as further inflow of these substances, but rather
their failure to be absorbed as fast as the fluid itself is disappearing.
Note that the solutions themselves seem to be absorbed also along
straight lines. The low total nitrogen values in the case of glucose
are presumably explained by the increase in volume that takes place,
thus causing a dilution of the non-diffusible substances. Total
nitrogen does not fall below a certain minimum, for non-protein
nitrogen, which is freely diffusible, will be at least as high in the
peritoneal fluid as in the plasma. If the glucose experiments on the
dog could have been carried on for a longer time, the total nitrogen
value very probably would have risen as high as in the case of saline
182CHANGES IN FLUIDS WITHIN THE PERITONEUM
or D-C solution, due to the concentration of the non-diffusible
nitrogenous substances (protein) when the volume of fluid in which
they are found becomes low.
Clinical Considerations
While D-C solution has a special value in severe acidosis, and
while it may replace saline in any of the indications for the latter
(except severe alkalosis), it does not appear from these experiments
that any advantage in rate of absorption should be expected. It is
possible that the relatively large amount of CO2 which these particu-
lar preparations of D-C solution contained when injected, may have
caused some unnecessary irritation) but if so, there was no indication
of it in the height of total nitrogen, or in the amount of fibrinogen as
judged by the degree of clotting in the samples, It is possibly less
irritating ordinarily, and probably no more irritating than is saline11.
The same qualifications would probably hold for subcutaneous use
also.
The therapeutic administration of glucose, so often indicated and
desired, is practically limited to the oral and intraVenous routes.
When given subcutatneously, occasionally the skin at the site of injec-
tion feels doughy, showing, probably, a failure to be properly
absorbed. In two cases on the Pediatric Service in the New Haven
Hospital, localized abscesses formed at the sites of injection several
days after the solution had apparently been absorbed. It was felt
that the abscesses had not formed because of bacterial contamination
of the solution, but rather because the solution had so injured the
tissues that a slight infection could take hold.
When glucose solution has been given intraperitoneally, it has
been regarded as a heroic measure, for abdominal distention, cyano-
sis, weak pulse, and rise in temperature have all been reported at
times1". Observations on the volume changes observed in the
experiments here presented offer an additional objection to its intra-
peritoneal use. Fluid is evidently drawn upon from the plasma and
interstitial store. The dry condition of the musculature seen in
some of the animals from which glucose had been removed) shows
that the animal body can be dehydrated in this manner. Obviously
then, the intraperitoneal use of isotonic glucose in cses of pre.-
existing dehydration would be contraindicated. A hypodermoclysis
of saline which might be given at the same time would presumably
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be of little value in relieving the dehydration, for much of it would
be drawn to the peritoneal cavity. Curtis' has shown that intra-
peritoneal glucose or even distilled water can inhibit the action of
diuretics.
Some of the difficulty in the intraperitoneal use of glucose has
apparently been obviated by the preparation of the solution in a dif-
ferent manner. It had been found that solutions of glucose rapidly
became acid on autoclaving. For reducing this acidity, to which was
attributed the "toxic" action of the solution, buffering has been
recommended, and more recently, the autoclaving of dry glucose
before dissolving in sterilized water", 25` While this may eliminate
some of the undesirable reactions, it cannot change the osmotic
properties of the solution, nor the character of the specific glucose
molecule.
The principles of absorption from the subcutaneous tissues are
presumably the same as from the peritoneal cavity and, therefore,
the same general objections to the subcutaneous use of glucose
hold, except that local irritation in the peritoneal cavity is more
undesirable than in subcutaneous tissues.
It seems clear that occasionally glucose solutions are injurious.
Part of the cellular damage may be done by the glucose molecule
itself, but it seems more likely that solutions of glucose injure cells
by altering the water and electrolyte concentrations of cellular and
extracellular fluid. Suffice it to say that the accumulation of evi-
dence indicates that administration of glucose should be limited to
the oral and intravenous routes.
Conclusions
1. The electrolyte composition of isotonic solutions of sodium
chloride, of sodium chloride-sodium bicarbonate, and of glucose,
injected into the peritoneal cavity tends to approach the composition
of edema fluid.
2. Isotonic sodium chloride and sodium chloride-sodium bicar-
bonate solutions tend to be absorbed from the peritoneal cavity at
a constant rate, which is almost identical for the two solutions.
3. During the process in which the composition of the glucose
solution is being altered, the volume in the peritoneal cavity
markedly increases. After the glucose concentration has fallen
considerably, absorption proceeds at approximately a constant rate.
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4. The profound changes occurring in glucose solution suggest
that it is this marked initial lack of equilibrium between this solution
and blood-plasma which is the underlying factor for some of the
phenomenaofirritationobservedinitssubcutaneousorintraperitoneal
use.
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